P
osterior capsule opacification (PCO) is the most common complication after cataract extraction with intraocular lens (IOL) implantation. Nd:YAG laser capsulotomy is a definitive treatment of PCO; however, there are rare but significant complications of capsulotomy, including cystoid macular oedema, retinal detachment, and increased intraocular pressure. 1 2 In addition, Nd:YAG capsulotomy to treat PCO results in increased requirements for patient follow up and has a substantial socioeconomic impact. 3 4 Acrylic lenses have been shown to be very successful in numerous studies. Since the introduction of the acrylic three piece MA series IOL (AcrySof, Alcon) in 1995 and the one piece SA series IOL (AcrySof, Alcon) in 2000, studies have shown that both have a low incidence of PCO and Nd:YAG capsulotomy rate. [5] [6] [7] [8] [9] [10] [11] [12] [13] Acrylic lenses are very stable; they have a low incidence of complications, including minimal tilt, decentration, and anterior capsule contraction. 5 14 There may be additional benefits with alterations in lens size and design, including reduction of PCO formation with three piece acrylic IOLs. [15] [16] [17] [18] Other studies have shown that acrylic lenses are the IOL of choice for patients with certain risk factors, such as younger age and diabetes. 19 20 Since acrylic lens size and shape may influence the rate of PCO formation and need for Nd:YAG capsulotomy, the aim of this study was to compare the Nd:YAG capsulotomy rates of the three piece acrylic AcrySof IOL (MA30AC/MA60AC) with the one piece acrylic AcrySof IOL (SA30AL/SA60AT).
METHODS
After obtaining institutional review board approval, a retrospective review was performed of eyes that had phacoemulsification with posterior chamber acrylic AcrySof IOL implantation between January 2000 and September 2002. This time interval was chosen because it was a period of transition, when all four IOL types were being utilised. For each surgery, the patient's chart was reviewed for the following data: age at surgery, sex of patient, right or left eye, past ocular history, preoperative and postoperative best corrected vision, date of cataract extraction, IOL type, date of Nd:YAG capsulotomy (if performed), pre-Nd:YAG and postNd:YAG capsulotomy best corrected vision, and date of last examination.
All surgeries were performed by one surgeon. After retrobulbar anaesthesia, a clear corneal temporal incision was made with a 2.75 mm keratome blade. Viscoelastic was used to inflate the anterior chamber and continuous curvilinear capsulorhexis of about 4-5 mm was performed. Hydrodissection and ''divide and conquer'' phacoemulsification were performed and the cortex was removed with automated irrigation/aspiration. The posterior capsule was vacuumed but no other capsular polishing was performed. Viscoelastic was then inserted into the capsular bag, followed by ''in the bag'' placement of the posterior chamber IOL. Patients with any of the following conditions were excluded: capsule tear, vitreous loss, incomplete cortical cleanup, IOL not fixated in capsular bag, PCO noted at time of surgery, congenital cataract, history of trauma, history of preoperative uveitis, or postoperative follow up less than 5 months.
Nd:YAG capsulotomy was performed based on subjective patient complaints or measurable decrease in visual acuity compared to best postoperative visual acuity, coupled with the presence of PCO detected on dilated slit lamp examination.
In all, 434 eyes of 329 patients were included and divided into four groups according to the type of IOL implanted: group 1 (176 eyes of 148 patients), three piece acrylic with PMMA haptics and 5.5 mm optic diameter (MA30AC); group 2 (71 eyes of 61 patients), three piece acrylic with PMMA haptics and 6.0 mm optic diameter (MA60AC); group 3 (45 eyes of 40 patients), one piece acrylic and 5.5 mm optic diameter (SA30AL); group 4 (142 eyes of 117 patients), one piece acrylic and 6.0 mm optic diameter (SA60AT). In general, the use of the four IOL types was sequential with the smaller optics implanted before the larger optics and the three piece before the one piece lenses during the study period.
The number of each type of IOL implanted, the number of eyes needing Nd:YAG capsulotomy, and the time from surgery to follow up were determined. Table 1 shows the number of eyes in each group and patient demographic data. Kaplan-Meier survival distribution plots were generated to display the time to Nd:YAG capsulotomy events with adjustment for censoring. Cox proportional hazards regression models that accounted for inter-eye dependency were used to compare incidence rates. SAS 9.0 software was used for the analyses.
RESULTS
Twenty two of 247 (8.9%) eyes that received the three piece IOL (MA30AC/MA60AC) required Nd:YAG capsulotomy, as did 14 of 187 (7.5%) that received the one piece IOL (SA30AL/ SA60AT). Table 2 shows the mean follow up time by IOL type. Mean follow up time for those who received a three piece lens was 33.5 months (5.3-91.1) while the mean follow up time until Nd:YAG capsulotomy was 29 months (3.2-76.6). Mean follow up time was 14 months (5.1-37.5) for those who received a one piece IOL while the mean follow up time until Nd:YAG capsulotomy was 9.2 months (1.9-19.3).
The rates of Nd:YAG capsulotomy with the three piece IOL and the one piece IOL were 1.2% and 2.1% at 6 months, 2.8% and 5.9% at 12 months, and 3.6% and 7.5% at 24 months, respectively. Kaplan-Meier survival curve analysis revealed a significant difference between the one piece and three piece IOLs in the incidence of Nd:YAG capsulotomy, upon accounting for censoring (p = 0.01). Figure 1 shows a higher incidence of Nd:YAG capsulotomy in the one piece IOL when compared to the three piece IOL groups up to 24 months after cataract surgery.
Fourteen of 221 eyes that received a 5.5 mm IOL (SA30AL/ MA30AC) required Nd:YAG capsulotomy, as did 22 of 213 that received a 6.0 mm IOL (SA60AT/MA60AC). There was no difference between rate of Nd:YAG capsulotomy when comparing SA30AL with SA60AT IOLs (p = 0.13) and MA30BA with MA60AC IOLs (p = 0.21) upon analysis of the survival curves. There was a trend towards an increased rate of Nd:YAG capsulotomy (p = 0.06) in eyes of younger patients. Sex (p = 0.86), history of diabetes mellitus (p = 0.90), and pars plana vitrectomy (p = 0.14) were not associated with differences in Nd:YAG capsulotomy rates.
DISCUSSION
Several factors have been shown to influence PCO formation and, concomitantly, the need for Nd:YAG capsulotomy. Variations in surgical technique that can influence PCO formation include cortical clean up, continuous curvilinear capsulorhexis, posterior capsule polishing, and lens placement in the capsular bag. Patient variables, such as younger age, female sex, diabetes, and uveitis, may increase the incidence of PCO formation. Finally, the IOL shape, biomaterial, and size may contribute to PCO formation.
Peng et al found that the most important technique to reduce the incidence of PCO is meticulous cortical clean up. 21 In our series, all surgeries were performed by one surgeon using the same technique, including thorough cortex removal. In addition, only patients with lens placement in the capsular bag without posterior capsular abnormalities at the time of surgery were included.
The incidence of PCO is also significantly influenced by the type of IOL utilised. Current interest is focused on the effect of biomaterial composition and design of IOLs on incidence of PCO. Studies comparing biomaterial of IOLs have shown that acrylic IOLs have a low incidence of PCO and Nd:YAG capsulotomy (table 3) . 6-13 22-31 Apple et al reviewed 5416 eyes and found a 0.9% Nd:YAG capsulotomy rate with AcrySof three piece acrylic lenses while the rate ranged between 12.1% and 33.4% for all other reported lenses: one and three piece designs with polymethyl methacrylate (PMMA) optics, one piece silicone plate IOLs, three piece lenses with silicone optic polyimide haptics, silicone optic proline haptics, and silicone optic PMMA haptics. 22 Beltrame et al reported a Nd:YAG capsulotomy rate of 2.5% with the AcrySof MA60BM IOL and 43.15% with a hydrogel (H60M) IOL. 8 Similarly, Missier et al noted that only 2.8% of patients who received an AcrySof (MA30/MA60) lens, compared to 23.1% who received a silicone (AA4203VF) lens required Nd:YAG capsulotomy in the first 3 years postoperatively. 23 One proposed explanation for the reduced occurrence of PCO with use of the acrylic lens is the adhesive nature of the biomaterial. Linnola et al found that acrylic binds best with fibronectin relative to other biomaterials. 32 By binding tightly to the capsular bag, acrylic IOLs help decrease posterior lens epithelial cell proliferation. The high capsular biocompatibility of the AcrySof lens is attributed to its hydrophobic nature; this explains the low PCO rate of this IOL when compared to hydrophilic acrylic IOLs. [33] [34] [35] Multiple studies comparing PCO incidence when using one piece versus three piece acrylic IOLs have produced conflicting results. Bender and Nejima have reported no significant difference in PCO rates between the one piece and three piece acrylic lenses up to 18 months after surgery. 22 36 Although Wallin et al reported no significant difference in laser capsulotomy rates, there was a twofold increase in PCO formation in the one piece acrylic IOL when compared to the three piece acrylic IOL 2 years after surgery. 17 A randomised, self controlled study of 104 eyes comparing the one piece and three piece acrylic IOLs found a significant decrease in PCO formation in the three piece IOL at 1 year but not at 2 years after lens implantation. 37 In our series, patients who received one piece IOLs required Nd:YAG capsulotomy at a significantly higher rate than those who received three piece IOLs, as shown by Kaplan-Meier survival analysis. Studies have documented that Nd:YAG capsulotomy is often performed 2 years after cataract extraction. 38 39 In our study, the observed differences reflect events that occurred in the first 2 years of follow up after cataract extraction. However, if patients with the one piece acrylic IOL have Nd:YAG capsulotomy performed earlier and further follow up reveals few additional events, the overall event rate in the two IOL groups may be comparable with longer follow up (fig 1) .
The shape of the lens is also an important factor in lens epithelial cell proliferation. Much of the success of these IOLs has been attributed to the square edge design. Nishi et al have shown that capsular bend formation begins with IOL adhesion with the lens capsule followed by peripheral anterior and posterior capsular adhesion. 40 As the capsular adhesion progresses centrally, capsular bend formation occurs as a result of wrapping of the posterior capsule around the posterior optic edge. 16 The square edge design of the IOL creates a sharp bend in the posterior capsule, which may physically inhibit cell migration. In fact, acrylic lenses with a round edge design lose their effectiveness in preventing PCO; a sharper lens posterior edge design, regardless of lens material composition, is essential in prevention of PCO formation. [41] [42] [43] A mathematical explanation also suggests that the sharp edge applies high mechanical pressure on the posterior capsule, which forms a physical barrier to cell migration. 44 The thin haptics of the three piece MA lens allow for better adhesion between the anterior and posterior capsules and bend formation because they are closer together. The one piece SA lens has bulky haptics with loss of truncated edge at the haptic junction, which leads to decreased adhesion between the capsules and posterior lens epithelial cell migration. Nishi's model predicts that the three piece IOLs will have a lower incidence of PCO than one piece IOLs, which is consistent with previous reports and our study. 16 17 IOL size may be a significant factor in determining rate of Nd:YAG capsulotomy. Davison reported no significant difference between the rate of Nd:YAG capsulotomy in 5.5 mm and 6.0 mm IOLs. 13 A conflicting study found that PCO incidence is lower in larger acrylic IOLs. 15 Though not statistically significant, our results also indicate a trend towards a lower incidence of Nd:YAG capsulotomy with the 6.0 mm IOL. There are two proposed explanations for this trend. The first is that the larger optic edge produces a more peripheral barrier to lens epithelial cell migration than the smaller optic. The second is that the larger optic applies greater peripheral pressure against the capsule than the smaller optic, which produces an effective barrier against lens epithelial cell migration. 44 However, Nishi and Nishi have shown that a 7.0 mm optic may increase the rate of PCO formation as a result of decreased capsular adhesion and bend formation, suggesting the importance of an optimal optic size. 16 Acrylic IOLs have been reported to be preferred, especially in high risk patients. 19 20 Nd:YAG capsulotomy is more common in younger patients after cataract surgery, and AcrySof acrylic lenses may be the preferred IOL in young patients. 19 45 Our results indicate a trend towards a greater rate of Nd:YAG capsulotomy in the eyes of younger patients. Some studies have found that women require Nd:YAG capsulotomy following cataract surgery more often than men. 41 46 However, our study did not identify sex as a risk factor.
A high rate of Nd:YAG capsulotomy with phacoemulsification after pars plana vitrectomy has previously been reported. 47 48 This has been attributed to use of expandable gas or silicone oil, and intraoperative posterior capsular injury. Our rate of Nd:YAG capsulotomy was not associated with history of pars plana vitrectomy. This may be the result of exclusion of patients who were noted to have intraoperative PCO. Our series may have also had a greater number of patients who had pars plana vitrectomy without use of expandable gas or silicone oil. Nd:YAG capsulotomy has also been found to be more common in diabetic patients as compared to non-diabetics. 49 Our results did not find diabetes as a significant risk factor for higher rate of Nd:YAG caspulotomy. A difference may have been found if there were a larger number of diabetics in the study.
The limitations of this study include its retrospective design and the use of Nd:YAG capsulotomy as an indirect measure of PCO. This study shares the limitations of any retrospective study in that the patients were not randomised and the end points were not defined in advance. However, the patient demographics are similar among the groups. Criteria for a surgical procedure such as Nd:YAG capsulotomy are subjective and largely based on patient complaints. A patient with PCO may not be symptomatic if poor macular function coexists. This may prevent patients with PCO from being included in the Nd:YAG capsulotomy group. In addition, need for Nd:YAG capsulotomy requires longer patient follow up, and patients without symptoms may be less likely to follow up; therefore, potentially increasing the overall rate of Nd:YAG capsulotomy. Although the dependence on Nd:YAG capsulotomy as a measure of PCO may be MA Figure 1 Kaplan-Meier survival curve shows significantly higher incidence of Nd:YAG capsulotomy with the one piece acrylic AcrySof lens (SA30AL/SA60AT) when compared to the three piece acrylic AcrySof lens (MA30AC/MA60AC) (p = 0.01).
an inaccurate estimate of degree of opacification, it provides a functional measure of significance and imposes equal limitations on all groups. In summary, our results suggest that the three piece acrylic IOLs may be preferred in order to decrease the rate of Nd:YAG capsulotomy after IOL implantation. one piece IOLs were developed more recently and are not as well studied as the three piece IOLs. Further study of the one piece IOLs, with longer follow up, may help identify the lens of choice. This study shows a higher incidence of Nd:YAG capsulotomy in patients who receive the one piece acrylic AcrySof lens compared to patients who receive the three piece acrylic AcrySof lens. 
